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STORY PROBLEM SOLVER:
A schema-based system of instruction

This report describes a compute,-based instructional system, the Story Problem Solver
(SPS). SPS provides students with instruction about the semantic structure of story problems. It
was developed to test a specific schema theory of knowledge organization in long-term memory
(Marshall. 1988a I 88b). For this reason SPS depends explicitly upon a thcory of the relationship
between the form of instruction and the memory sti uctures that develop as a result.

In this document we describe the schema theory underlying SPS. the design of SPS with
resPc:t to .h. thcoi), aitd tic W )tcnis operational teatures. The donain ol arithmetic story
pioblems has been described in detail elsewhere (Marshall, I987; Marshall, Pribe. & Smith, I987)
and is only briefly reviewed. The report concludes \ith a short description of ongoing extension"
to the basic instructional program.

THtEORETICAL. STRUICTIURE

Schema Theory

SPS is designed to develop a student's awareness and understanding of the basic relations
found in arithmetic story problems. It provides instruction which will facilitate the use and
organization of information in long-term memory. The instructional design derives from the theory
of schema acquisition and storage described in Marshall (1988a). According to the theory there
are four components or types of knowledge involved in the development of a schema: feature
recognition, constraint mapping, planning/goal setting, and implementation. This architecture derives
from that described in Marshall et al. (1987).

Under the theory each component develops in long-term memory as a network of nodes.
representing bits of information, and links between nodes, representing memory connections among
them. The presence of a particular node in a network indicates that the information it represents
has been learned and can be retrieved from memory. The links to other nodes provide access to
the information stored in them. A node that is isolated from others is of little use because it is
accessed only on rare occasions, but a node linked to many others is accessed and used frequently.
Thus, a critical element of learning is the connection of any new information to previously learned
information.

The networks comprising schemas intertwine on several levels. First, within a single schema,
there are connections from nodes of one component to other nodes in that component and also
to nodes in other components. Second, the components of a schema are themselves linked, so that
access to the information associated with one component will allow access to information associated
with the other components. Finally, schemas are linked to each other within domains. At an
abstract level of thinking about the whole domain one should have ready access from one schema
to another.

The Domain

Marshall (1985) found that arithmetic story problems can be categorized by five distinct
profiles: Change, Group, Compare, Restate, and Vary.' These profiles describe the semantic
relations found in story problems and together comprise the common domain of story problems.
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Lach pi.of ile epiesen ts a paiticuLiaf elatin i that ot cuis l sto.ry f iin, and the story iline is wo ,en
around the relation. Ordinarily one or mole of the features that define the relation is unknown.

Ihe advantages of categorizing the domain b, semantic relation are (I) only a limited number
ae needed, (2) the relations are simple situations, deriving from individuals' experiences in daily
lite and easily understood exen by young children, and (3) they may he combined to form complex
problems reflecti%e ot situations that occur in reality. Thus, they may be used as a basis of
instruction for learners of all ages.

The fixe semantic profiles hae been desciibed in detail elsewhere and will not be discussed
at length here (c.f. Marshall et al., 1987). l able I contains examples of profiles in simple
situations, in simple problems, and in complex problems. These are typical of the situations and
p;oblems encountered by students who use SPS.

In developing the instructional programs described here we found it necessary to reexaluate
the Compare profile and the way its accompanying semantic relation is used in a story problem.
The Compare profile describes the semantic relation in which two entities are examined for the
pLrpose of deciding their relative size. As such, it requires no arithmetic computation. It does,
howexer. ,equire sufficient number sense to recognize when one number is larger or smaller than
another. In its simplest form, the Compare relation seems almost trivial:

(I) Here are two numbers, 25 and 29. Which is larger?

The complexity of the profile and the semantic component COle into play when the student must
interpi et the desc ri[1 ti\e statements linking the two numbers. That is, when the relation is
expressed as faster, higher, cheaper, deeper, longer, and so on, should the student search for the
larger or smaller number Moreover, wxhat are legitimate comparisons? Can any two quantities
be compared or aie thele constraints requiring them to be of similar type (e.g., inches with inches
rather than inches with aids)? The semantic requirements of Compare are sophisticated and
insolke an understanding of the situation iepresented in the problem.

Our original definition of Compare (and others' definitions as well, e.g. Riley & Greeno,
1988; Willis & FIuson, 19S8) asked a different question of the Compare situation. For example,
under our prC ious conception the following was labeled a Compare item:

(2) Joe walked a mile in 13 minutes. His friend Fred walked a mile in 15 minutes.
How much faster did Joe walk than Fred?

In actuality, this is not a true Compare ielation in which the problem solver is asked to make a
comparison because the comparison has already taken place -- it is stated in the problem that Joe
walked faster than Fred. The soler does not have to decide who was faster or whether more
minutes means faster or slower walking. Problem (2) is a Restate relation. It asks the student
to express in a different way the information aheady given in the problem.

A true Compare relation would have the following form:

(3) Joe walked a mile in 13 minutes. His friend Fred walked a mile in 15 minutes.
Who was the faster walker?

Ibis lattet pioblem reflects the way that the (Compare relation is taught and used in SPS. The
si lver needs to decide what to compare and w hethei to retrieve the larger or the smaller amount.

1Under our new formulation, familiar problems from textbooks such as

(4) Sue has 30 pencils, and Joan has 20. Who has more and how much more?

am e iewed as ha,ing two different semantic i elations, corresponding to the two distinct questions
posed in the pioblem. First. the solser is asked to deter nine who has the larger amount
(Compare). and, second, the solker is asked to coinpuite the value of the difference (Restate)



Table 1

Examples of Situations, Simple Problems and Multi-Step Problems Used in SPS

A. Situaitions

ClANGE: Samzaha was running a lemonade stand one day in the summer. She started out
the day with twenty-five glasses of lemonade. When she closed her stand at the end
of the day she had four glasses left. Samantha sold twenty-one glasses of lemonade.

GROUP: Mr. Green grows oranges, grapefruits, and avocados. If he has 3000 fruit trees in all
and there are 2000 orange and grapefruit trees, then Mr. Green has 1000 auocaa trees.

COMPARE: On a recent expedition two members of the hiking club climbed 5000 feet on one day
and 0)000 feet on the second day. They climbed further on the second day.

RESTATE: Niary budgets her money carefully. She allows herself to spend 15 percent of her
weekly income on fun things like going to the movies or stopping for ice cream. LIst
week she earned $120, so she had $18 for fun things.

VARY: Mr. Borg's car can travel 20 miles on each gallon of gas that it uses. Since he knew
that he would be driving 300 miles over the weekend, he figured that he would have
to buy 15 gallons of gas for his weekend driving.

B. Simple Problems

CHFANGE: Janine had 173 matchbook covers in her collection. Her aunt sent some more to her.
She no, has 241 matchbook covers. How many did her aunt send to her?

GROUP: Last week the Martin family took their used bottles, cans, and newspapers to the River
City Recycling Center. They found that they had accumulated in one year 25 pounds
of bottles, 12 pounds of cans, and 50 pounds of newspapers. How many pounds of
recyclable materials did they have?

COMPARE: Anna has two jobs. Last week she earned $152 as a lab assistant in the Chemistry
L.ab and $93 as a cashier in the University Book Store. Which job paid better?

RESTATE: Bill and Eddie both planted tomatoes this year. Bill harvested twice as many tomatoes
as Eddie did. If Bill picked 64 tomatoes, howr many tomatoes did Eddie pick?

VARY: In the college football stadium there are 28 sections of seats. The stadium has a total of
2128 seats. If each section holds the same number of seats, how many seats are in each one?

C. Multi-Step Problems

1. Joe won $100 in the state lottery. He spent some of it on toys for his children. He bought
a doll for Sue that cost $25 and a stuffed bear for Ellen that cost $35. How much money
did he have left over after he bought the toys?

2. The electric company charges $.18 for every 3 kilowatt hours of power used. For the month
of August Terry was billed for 261 kilowatt hours of electricity. During the same month his
natural gas bill was $9.45. Which was higher for the month of August, his electric bill or his
gas bill'?
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INSTRUCIIONAL DESIGN

SPS focuses on these five profiles. At the end of instruction a student should be able to:

* Recognize the profile(s) in a story problem.
* Check that a problem has the required elements of the chosen profile(s).
* Design a solution strategy using profile information.
* Select the correct arithmetic operation(s).

SPS guides the student's knowledge development and organization according to the schema theory
described above. Our intention is for the student to develop a separate schema, consisting of all four
components, for each of the five profiles.

SPS is designed for use by young adults under the assumption that this population shares a body
of common knowledge and interests. The subject matter of examples and problems reflects this
assumption. Much of the instruction about the semantic profiles is diiect. Because the targeted
population is adult, it is possible to present extended instruction that would overtax the attention and
working memory constraints of young children.

SPS does not expect students to form appropriate schemas by trial and error. Its users are not
being introduced to story problems for the first time. They have had a great deal of experience with
them and typically have developed poor or incomplete strategies for solving them (evidenced by a lack
of success on performance measures). SPS explains directly how and why its organization of knowledge
is beneficial. It points out the advantage of using the profiles to understand and solve the problems.

SPS prefaces its instruction by drawing an analogy between understanding a story problem and
Understanding the real world situation of going to a restaurant. The purpose of the restaurant example
and the discussion about how individuals recognize and use knowledge about restaurants is to alert
students to the need for many kinds of knowledge and for many links among them. The example
demonstrates how various features of the situation are used by an individual to interpret the particular
instance (e.g., what makes it a restaurant and not a theatre) and to guide the individual in that setting
(e.g., how to order from a menu, how to pay the bill). SPS explains that understanding and interpreting
the situation in a story problem can work in the same way. Important features need to ei recognized
and evaluated before an arithmetic operation can be selected.

SPS addresses each of the four components of schema knowledge for every semantic profile. The
student is encouraged to build a cohesive memory structure to link together all of the information that
is appropriate to the profile. To do this, SPS isolates the components and focuses upon the elements
of each one. It also gives the student experience in linking the components and in using two or more
of them in answering questions. SPS does this in part by example and in part by asking questions
relating to components and linkages.

For each component of a schema -- feature recognition, constraint mapping, goal setting, and
implementation -- SPS uses the principles guiding its instruction in specific ways. These adaptations are
described in the following sections.

Feature Recognilion

Instruction

The feature recognition component of a schema contains the information needed to recognize that
the schema fits thL problem at hand. SPS's discussion of feature recognition helps the student formulate
the generic case of which any problem is a special instance. The goal of feature recognition instruction
is to provide a verhal label, a general description, and a simple pictorial rep,-rentition for each of the
five profiles. Instruction begins by using simple examples of each profile. We found in our pilot studies
that students were better able to discriminate among the profiles when the initial instruction about each
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one was brief and when all five were disc ussed togethei. This contrasted \ith ability to discliminate the
profiles having had a sequential, detailed description of each one (see Appendix A). lherefore, SPS
begins the instruction with an o'erie% and general discussion of all five schemas and how they diffe
from each other.

SPS introduces the profiles within the common theme of a Hawaiian vacation The situations in
which the profiles are found describe activities such as buying clothes, surfing, and fishing. As noted
above, we selected stories that should be of interest to our young adult students.

The SPS system uses situations instead of problems when introducing the five profiles- Situations
aie defined as complete stories with no missing information; problems have one or more unknow ns. c
focused on complete situations for two reasons. The first is logical consistency. Situations contain all
parts of the profile and therefore help students understand each part in relation to the whole. Featurc
re%.ognition involves all parts of the situation, hut any specific problem leaves some parts Out. at s
what makes it a problem. To teach feature recognition, the whole situation is appropriate.

The sceond reason for using situations is the nature of the subject population. Most stude.nts
appear to have strongly ingrained and often erroneous problem-solving strategies, and they tend to beiin
using them as soon as a problem is presented, often without comprehending the entire problem. This
tendency inteiferes with the goals of SPS. SPS urges the student to understand the structure of the
problem before attempting computations. If there is no problem and 1o unknow ,s, there is no
computation to be made, and the student's attention can be directed to the profile structure.

SPS equips the student with specific clues for identifying each semantic profile. For example, the
student learns that in the Change situation there are three different amounts -- the beginning amnt,
the amount of change, and the resulting amoulnt -- and that the change occurs OVel time. Othei cles
about Change are introduced in such a way that the student should easily associate them with earlier
ones. In this way SPS directs the leaning of the student by presenting information that can he
reasonably linked to what the student already knows.

In teaching feature recognition SPS tries to rearrange the knowledge that students already ha',e
about semantic relations and story problems and to encourage the students through instruction, example.
and practice to form specific memory associations (links). We do not have to explain to students -- even
very young ones -- wha, it means to change something. We do need to help them develop the skills
to perceive when a story problem describes the Change relation. The full set of clues for a profiie leads
the student to a general desci iption of the profile.

In addition to verbal clues, a simple diagram is used to represent each profile and its various
parts. We refer to the diagram as the profile icon because it serves the same function that an icon
serves on computer screens. The icon is a visual representation intended to call to mind several different
pieces of information. Merely seeing the icon on the screen serves to remind the student of the broader
entity it represents. Similarly, many trademarks and logos function to remind the viewer of a broad set
of information that is associated with them (e.g., the CBS "e)e" or the Apple logo). These visual
representations appear to be easily learned and rntrieved.

A growing body of research suggests that visual aids are very powerful learning tools (e.g., I.arkin
& Simon, 1988; Holmes, 1987). We use them as such. It is intended that students associate the features
of a profile with the appropriate diagram. The icons also serve a second function in constraint mapping
as described below.

Evaluation

Feature recognition is assessed in two ways. One way is to determine whethei or not the studcril
can correctly identify a situation hy its generic name. The evaluation task piesents the student %ith
several story situations, one at a time. Below the story is a menu of the five profile names. I he
student's task is to select the single profile that is iepresented in the story. Thus, the task assesses both
whether the student can identify the relevant features in the situation and also whether these fcatues
have been associated with the appropriate profile in the student's memory.

The student's responses on this task, as on all SPS tasks, are made with the mouse. lhe stUdilm
selects the profile and buttons the menu choice. An illustration of the task is given in Figure I
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Figure I
A Feature Recognition Task: Verbal Components

jr4STRUCTIONS. Read the story boilow Oeide which oI the
live situatlons best describes the ttory When you have
made your choice, position the arrow on top of the one you
have selected and click the mouse button once

Two radio stations were competing for
(The student selects a listeriers by giving avvay t ock corcell tickets.
response from a menu of in the last week of August KODD gave away
situation names.) 50 tickets. At the same titme KCUE gave away

15 fewer tickets That means that KCUE gave
away 35 tickets.

Change
Group
Compare
Vary
Relate

Figure 2
A Feature Recognition Task: Visual Components

INSTRUCTIONS. Choose the one diagram below that fits this story problem. Move
the arrow into the diagram you have selected and click the moue button.

Sam bought one notebook for every three text
books that he purchased If he bought four notebooks
Sam must have purchased twelve text books

(The student selects a
response from a menu of
diagrams.) "'
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*\ L [, Ieu ietltd Of 0- 3a1t0on aII-sseSe the stUdenI t's a b[Iit) to associmte It situIatIionl wo ii ItIsk,1tII
iconI (dilAgiA11 u [he StudenC~t is presented \kith a problemn and the fi\se icons and is asked to SeIletI ilie.
onle that I cpu esents the problem. No sei hal labels are used in this exercise. T[he task sei\ses to assesss
\0 hcthei theC StUS;J(lit associates i ndix idual iOnS Aith appiopii lt Sets of feCatu i es that idenltif the pint ilcs
-1\n examplek. is, gi\,eii inl [iguic 2.

Constraint Mapping

h Instrusction

lic e o~i I f constraint mapping a nstuIc tion is to de\.ehop sy stelnlatic nletthods of test in w I it ci
ot not h~ pothes ied features aie present. This Component of schemna knowledge miaps (the eleineits of
the . Un elt p1 ohlem to the knfown features of the selected picofile. Foi instance, b usig teat til
i ecopnition k now ledge the student might suspect that the pi offie describing a pi obleni is the ( i, c

piltile. lb is informiation alone is insufficient for problem sols ng. Thle student needs ito astci t,1ii (iil'it
enough ot the features that characeiize a Change profile are present in (the curicent pi obleml it) atil,

S0t1ut601i Ili the case that the feature recognition wNas inCol rct, the Student wAill AlSO find that1 out \A )ll

ii poi tAnt elcine its of the problem do not mnap into the C ha nge profile.
It i, tiseful to think of the constraint-mnapping knowledge inl a schemna as the niea is hs kk liit

the studenCt conSti ulcts a wior king mental model oh the prob~lem being solsed. [he stUdiL it 1C Ids J
pi oble i, t-ails upon feature recognition knowledge to suggest the appropriate profile structu ie and it it. i

bld1Ls the Model of the problemn bl testine whether the necessary pieces are presenit. Wkhen the sttide ii
is beg ilin lig j iist tic tion. SPS displays, the diag ramnmatic iepi esentation of the profile and \ isuialIx I dat es

s tspmit,, of the problemn into the diagram. As Students becomle imore expert inl sok i ug pi tibl iS.
SPS an it jpates, that they will do the nmatc hing piocess mecntally. SPS focuses its iIsti uctionl tin il i

parts of the stol y problem ito the essential elements of each profile, Tn illustrate the instruction. A
pic.cl ese lCI. tj thdisussion of the Change picifile. Instruction foi the i emaini ng pi ufiles is stini lii

i ot)e d\clipl the studenit's understanding of' the Change pi olile. SVS presents a threce limi1 1 ig~uic

decsigiiataig beg ii ng amount, amiount of change, and resulting amlount11. Using a sileI situait ii (kiw i

un rknow iisl SPS leads the Student through the diagram, placing the relevant numei 1Cical quanltities i isa'ic

the tli~igrawu iind explaining why and how these qluantities join together to 1 0i1in a ( 'LOitC ILLtloil.
Sex eral exmnilpes tof the how Onec maps a Change situation follow the explanation.

Aftel i1 astudent has had the opportunity to practice mapping situations into the Chaniige dl i imi

the task itslfi described below inl Ev.aluation) SPS intiod iuces problems in which one of the pa its if

the figure his no corr esponding numerical value given in thle stoly. Tis anstiuuctio; :-"& ils %ith a inpl

situtio6n, ma)ppedI into the three parts of the figure. SPS asks the student to consider what the situaitionl
wtouhld look like it one of these three paits were unknown. The diagramn changes onl the screen so that
the tmnk now ii part contains a question mairk. The story problem is reworded to contain a questionI abou1t
the kink nokxii. [the diagram then changes again so that a different part contains the qutestion niai k. IltL
piobemii c ianges as wecll and the tLueStionl is diffei eit. Inl this way SPS gix es explicit insti uctinmi ibi t

the question tskcd in the problem and the location of the unk nown in the diagram. SI'S takes, the
Stlitli t th iouJcI the allowable Set of uink nownus and coi responding qJuestionIs for CachI poin il. [he se i ics

it tII tist ionsiskcdt ab~out a partic ular Change situation is illustrated in F:igUre: 3.
Pis tisudies with sixth-grade students,, with the pilot-study students, and With tinixci 21sit i eshii lieu1C

11iite thli thele a ic two areas of confusion that insti uction s ould address (c. f., %jarjshallj 198)7, this
- ep-oit. Appeldi x A). [ irst. students tend to confuse C hange and GrIoupJ piobleins, cspec iall w hent ilit.

iitiiti.opei a tioli of addition is required. Second. studenits tend ito confuse Restate with ( oiipale.,
aigaini in the pi eseice of addition and subtraction. Conseqmently, SPS introduces the C hange coustiti is

intI dli !Ai lii si. going through the complete instruction, and theii tdoes the same with the C ion pl
tairisti ii its aw ithadiarm. When both have been fully COCeet, aI special exercise calls foi the sttikltii in

disci iiiite betweecn the tw0 pi ofiles (by choosing the appropriate icon fromn i mnui elitalilling both
ot them) 1111d Ii) makc the constraint mnappinig on1ce the collect iiiarai is selected SPlS innsX- es1 ii
11nst11Ini till aboult ( n[ICl id then separaitely to instiuctionl about Restate. As with C hange and C n tip.
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Allen both Compaic and Restate hac been covered, the student is asked to demonstrate ability to
discriminate between the two and then to map parts of the problem into the appropriate diagram. A
,hscussion of the Var> profile concludes the constraint-mapping instruction.

Evaluation

LvalIiation IS in tWo paIs: constaint mapping per se and the relation of colnstiailnt mapping
and feature recognilon. SPS uses two t>,pes of tasks to evaluate students' constraint-mapping knowledge.
In the first SPS gi\es the student a set of fike situations. Each of the situations is best described by
a single profile The task foi the student is to match each of the five situations with the name of the
appropriate profile. This task includes and extends feature iecognition knowledge because it requires the
student to identify a generic profile for the a situation and also requiies confirmation that the profilh
does not mole accurately describe another situation. The student must conside| each profile with each
situation, deciding when the elements of a situation sufficiently match the structure of a profile. Ihis task
lorces the student to compare the five profiles and the five situations with each other.

In the second evaluation task used to assess constraint-mapping knowledge, SPS asks the student to
use constraint-mapping knowledge to position the relevant parts of a story into a given diagram. The
situation (o problem) and the correct blank diagram are presented simultaneously. The student moves
the nouse cursor to the part of the situation that he or she intends to place in the diagram. When
the student clicks the left mouse button, the student's selected text is printed inversely on the screen (i.e.,
light on dark instead of daik on light). A dotted rectangle having the same size and shape as the
sclected text appears on the screen, connected to the cursor. Now moving the cursor Will move the
irc.tangle. The student moves the cursor and the attached rectangle, this time to the place in the
diagran in which the te\t is to be positioned. Another click of the mouse button drops the text into
the diagiani. 2

SPS simplifies these tasks for the student as much as possible. In the constraint-napping task
it does not force the student to move parls of the story word by woid. That would be tedious and
unnecessary. In most instances the student needed an entire phrase (e.g., for the relation "twice as nmutch
as") rather than a single word or number. Consequently, when the situations and problems wei e initially,
entered into SPS, certain phrases were identified as chunks. Some of these chunks are necessary parts
of the problem solution (e.g., the number and its identifier, as in 25 cookies). Others wcre not neccssary
but typically appear together (e.g., names such as Mr. Harris). Because a student could select any part
4rf a problem, we chunked all reasonable elements in a problem, whether or not they were required fur
solution. When the student buttons in any part of a chunk, the entire set of words and numbers that
make up the chunk ale changed to inverted print. The individual elements cannot be moved by
themselves.

During this task the student hats considerable flexibility. If the student desires to modify a previous
response, it can be done simply by buttoning on the selected text, moving the cursor (and attached
rectangle) out ot the diagram, and buttoning again. The student then returns to the problem, selects
.nother part. and drags it into position. Like all exercises in SPS, this one is under student contiol.
SI'S will not continue with problem presentation or with additional instruction until cued. For the
mapping exercises. the student indicates that the diagram is filled and ready for SPS to check by
selecting "OKAY" from a control menu printed at the bottom of the screen. At that point SI'S
ev\iluates the response and gives feedback. If the student has made correct selections, the feedback is
positike and SPS asks the student to indicate readiness for another exercise. If the student has erred,
SPS informs the student of a mistake and gives the student a second change to map. If the student
is incorrect a second time, SPS displays both the student's choices and the correct responses. Again, the
student indicates when it) continue by making a selection from the control menu.

- SPS l N.,~ht. i. rl,.s iII , [tI(rl htL sI,' ii I.,,' r1.11 ,,t' l i011 u . nI . , ,. w0 al- f-~ ll. rh ,iI i lt , (i ot 0ll .tL ' ,, it
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Figure 3

The Multiple Questions of Change

The windo. to yoo' l.ft &ng., CHANGE tItuatior P166frt64 nwwfa h ean~gat~n s o epr5
iookir onerbeforer("ding ca skYscrapers in th. lower 3* ;nal

4trAhi.t VituAtiON Now road the CHAty) br~yblt.i hc i £ ~ Nr.w nwteCa Action A Amnount so eput -40

Thee ar S t~~scaprsinSk CtyAM0LJytT, the UN(NWN I, .i~ mbltdi nth* Chang. oi
During a ig a qaike, 4000 thtemy ThreeweeS st,1c4p.r ir SkY City Finally. -o were not told now man, skyiiihpeii sw-a left
,rrmbjiero thr.9.iourn This lfttontly 40 of them ccumbled to the grorund after thre earthquake which is the End amiount for this

to skysc-toe Standing..n Sky City during sin earthquake How mwany reason w.pit the question mark in the End amrocunt onel
skyscrapers .. a left? ------

00 I ~ ~ LI setea how th. situation clrff-i from the pioblem USBE

Pacts Situation Problim I
- - - OBJECT OF CHANGE "kytcapt" skyscraper, -- .

8 EGINNING AMOUNT so so
CHANGE ACTIONgAMOUNT 40-r-rblea 43c,.rrbled
ENO AMT. 10 ? t

A, you can ...oo. p ris rot trio iuation at the sii oblsm a.the san The only dtinc sthat the problemn doesn't tell
,-. hat the END AhiOUNT. it lhat', why e edtr
quetstion mak) But it does ak you tfiontout'-rng the Lt's lookr an other ec-nplie ott. Changa pioblem
other nformation 9i-n in the problem

in ty prfqtlqm. the UJNKNOVN. mhe END AMOUNT Let's
se* how this would ba di~amrid

Hare is another CHANGE problem. Tis titme. the CHANGE
AMOUT~s he UKNOW , orfrosing on.Finally. leits look at a CHANGE problem in which the

Thera were SO skyscrapersmi Sky City. BEGINNiNG AMOUNT is the UNKNOWN, or issin part
before the big earthquake. After the
earthquakce. only 10 skyscrapers we During the big earthquake. 40 of the
trill sandingl How many skystpers tsyscrapers in Sky City crumrbled to the
fell1 dtinrg the eriohlquake? ground. This left only 10 skywaper % standing

How many skyscrapers .. te there. before
Hera you can see that the emount you are suppoed to figure the earthquoa?
out is the CHANGE AMOUNT. the numb~er, of sycrapers that
felt, during the eart hquake Notice that the Change Amobunt is
the only part un known The Change Action will al ways be
grsnrin the prblemrr v can soo that the only difference in this diagramris that the

qutfion mark luwknomnl is in the becgrnning amount -na
The question markr n the Change bou r Wilent the Amotos
unknown.

FELL
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Figure 4

A. Feature Recognition

INSTRuCTIONS Choose the onre diego am below that fits Iths try problem. Move
the arrow imo the dregr m ye hae mlared a rd cligh the mouhe bcttoenm

Durmy a Monopoly jan'.? John had 3 houses and
2 hotels John had 5 buildings or, the board

(The student first selects

the appropriate diagram

from a menu.)

, ... ( )

B. Constraint Mapping

Good You did them ill correctly Move the strow to GO ON
end click the mouse bsstton when you're ready to go on

During a Monopoly game John had 3 houses and
2hotels John had S buildings on the board.

(The selected diagram is

enlarged, and the student
maps the elements of the

problem into the diagram.)

I he...s
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T he task whikh ascsses the hlnk between feat ui iecognition and constiaint mapping elicits, two
responses from the student, a discrimination among types of profiles and a mapping from the problem
to the profile. lI the task students are presented with a mixed set of problems and situations. l.at h
problem oi situation is diSplaiked with a menu of icons. The student's first response is to select the
appropriate icon (a feature-recognition test). If the student makes the correct choice, SPS givcs
appropriate feedback and replaces the icon menu with the profile diagram which is an enlarged version
of the selected icon. The student's second response is to map the problem into the diagram (a
constraint-lmapping 03al1iation). If the initial selection from the icon menu is incoiect. SPS provides
feedback aix)ut the choice and then displays the corect enlarged diagram.

SPS has three 'ersions of this task. One of the ersions follows instruction about Change and
Group. and ofeis a choice onl, of these two profiles. A second, similar version follows instruction

about Compare ald Restate ind allows choice of these two. The third version follows instruction and
practice with the VarN profile. In the last one they choose from all fi%e profiles. Figure 4 illustiates

one of the two-choice e alUation items.

PlanninglGoal-SeUing

Instruction

Planning is quite simple in problems involving only one profile (i.e., one-step problems). SPS
does not teach planning at this level. It deals with planning in problems involving two or more profiles
(i.e., multi-step problems). To sole a multi-step problem, the student must recognize the diffe, ent
profiles in the story and ordeL them in such a way that the correct solution can be obtained. This
entails recognizing the overall profile of the situation and determining how the subsequent profile or
profiles are suboi dinated to it.

SPS's instruction on planning has three parts. Part one is recognizing which profiles are primary
and which are secondaryl. Part two teaches mapping what is known about the problem into the o\,erall
or primary profile. Part three develops links between components of two or more profiles. All three
emphases are important in developing a plan. Ideally, a student should ask himself or herself a sequence
of questions about them such as the following:

PROBLEM: Sarah had $1575 in her checking account at the end of Alarth.
She deposit'd a payroll check of $871. a gift front her parents for $200,
and a refund check front IRS ]or $315. How much was in her account after

she niade the depoit?

0: Do I know the o\,erall profile? (feature recognitioil

A: Yes, it's a Change.

0: Can I solve it yet'? con'railt.si
A: No, thoie are two missing parts.

Q: Is theie a second profile? (feature recognitoni
A: Yes, it's a Group.

O: Can I solc this one yet.) ( tttraitztsj
A: Yes, it has three subgroups and I know all of them.

Q: Will the solution help ine solve the first one? (goal-scttingi

A: Yes, the (ioup iesult is the amount of change required in the
( hange prohlem.
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0: W'ilat will my goal', look like?
A: The top goal is Change followed by Group.

0: I\low shall I pioceed to solve the problem?
A: Take the ov,cr goal (Group) first. SoNe for it.

Then take the next goal (Change) and solve for it.

hi teaching students to recognize piimary and secondar profiles SPS stresses the difference between
top-down and bottom-up problem solving. It advocates a top-down strategy for planning and a bottom-
up strategy for carrying out computations. The relationship between these two strategies is made explicit

through one of SPS's extended exanlples.) The example centers on going to medical school. St'S
develops a plan that outlines the requirements for getting accepted, such as having a satisfactory GPA,
ha ing letters of recommendation, and so on. The plan is developed graphically on the screen, with the
goal (going to medical scho.)l) positioned at the top center and with subgoals branching belowk it. These
sulbgoa'ls are themselves devcloped further by outlining what each entails (such as scoring well on tests,
going to class, etc. for ha%ing a satisfactory GPA). When complete, the full plan has the goal at the
tt '. and it extends dow.nward through subgoals to their constituent parts at the bottom.

SPS then discusses how the goal might be achieved and points out the need to carry out all the
steps at the bottom of the plan in order to move up to the next level of subgoals. The plan
dt\ elopinent has arrows flowing from the overall goal down to the subgoals. The plan execution reverses
the ariows: They begin at the lowest part of the figure and point up to the next stubgaal.

SPS draws an analogy between the medical school scenario and a multi-step problem, showing the
student that the identity of the primary profile dictates the overall goal. At each step in solving a
pioblem the student should evaluate whether the overall goal has been reached or whether the pursuit
of a subgoal is needed. Subgoals correspond to secondary profiles embedded in the problem. Thus. SPS
encourages the student to develop a system for representing the story problem abstractly in terms of its
constituent profiles and to use that representation as a plan for problem solving. Further SPS
instruction on planning centers on knowledge about semantic profiles. SPS frequently refers to the icons
of feature recognition and the diagrams introduced in constraint mapping. For simple one-step problems,
all but one of the parts of a profile diagram can be filled directly with information given in the problem.
The single unknown corresponds to the question posed in the problem. Multi-step problems have more
than one unknown in the overall profile. One of these corresponds to the question posed in the
problem, just as it does in a one-step problem. The unknown associated with the stated question
t:presents the primary goal, and the overall profile is the primary profile. The other unknown quantities,

while not answering the primary question, must nevertheless be found before the problem can be solved.
SPS calls these secondary problems. Each secondary problem is solved by recognizing the semantic profile
and using information from the associated schema. These associated profiles are called secondary profiles.
SPIS uses only two-step problems in instruction, and, consequently, it focuses on a primary profile and
J .,ingC secondary one.

As part of its instruction SPS maps simple one-step problems into their respective profile diagrams
hi placing the numerical quantities into the parts of the diagrams. The mapping at the multi-step level
is more complex. To help students understand what is known or already given in a problem, SPS makes
in abstract mapping into the overall profile diagram. It uses the terms Given for information that is
explicitly stated in the pioblem, Partial Answer for information that can be derived immediately from the
( k,eii information, and Final Answer for the value of the primary unknown. Final Answer will require
hiing the solution for Partial Answer. This language promotes the maintenance of an abstract mental
iiodel of the entire problem. The advantage of the abstract model is that it is easier to maintain in
short-term memory when the student begins solving the problem. As the student attempts to solve the

S A %ith lhL oihc~r C t %J L LJn t c,;anip'lc' in SPS, lhl, -rL. % -,£, 10 tWlq},: L I m lrit-ilar mtr- r , it) iur ,dtll Ixilliol It

i , 1 i hc ,, lr} b1 )rl t t. f lr ,.hIcfl~ciit aIr or ni iddic li.hO(Jl st-I.LItI N
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Figure 5

A Multi-Step Plan in SPS

THE PROBLEM
kic .... d at the hats. toe t4ck ,l th... %time,.
much money as ha loft vrith He left with $60.00 ho.
much did he lose at the t ack?

Whe'leisinssnths d glb

<- ~GOAL -- _ _

What's missing in this digram? You can see that by solving the RESTATE situation, you get

You can sea that the BEGINNING AMOUNT (the amount of the informatio needd to salvo the min CHANGE
money Er icarrived at the track with), and the CHANGE situation.
AMOUNT (the amount of money Eric lost at the track) are
UNKNOWN The goal of the problem is to find out what the Since the answer to the RESTATE situation helps ou find
CHANGE AMOUNT is. Obviously we can't do this without the answer tothe main CHANGE stuation, we calI this the
finding out what the BEGINNING AMOUNT is. How can we partial answer.
do this? We cell the answer to the CHANGE situation the final

answer, since it is the answer to the problem.

THE PLAN
GOAL

L _J

13



Figure 6
lxercise in Recognizing the Primary

and Secondary Profiles

INSTRUCTIONS Read the problem below and took for the overall
sotultion in the problem and the embedded secondary situation First,

o~o the ariow to the rme of the overall situation

.,T me box marked OVERALL) and click the mouse button Next, move
the arrow to the box marked SECONDARY and click on the situation that
s the secondary or embedded one.

Karen and Cindy had a contest to see who couici lose
the most weight in one month Karen lost a total of 10
pounds Cindy went from a weight of 160 pounds tD
125 pounds Who won thecontest?

(The problem as
presented to the OVERALL
student.) Change

Group
Compare
Vary
Restate

SECONDARY
Change
Group
Compare
Vary
Restate

Karen lost with the amount of weight Cindy lost. Now look et the

The man situation in this problem is a COMPARE Notice that you are secondary situation. What is it?
supposed to figure out who won the contest, or who lost the most
weight To do this, you simply have to compare the amount of weight
Karen lost with the amount of weight Cindy lost Now look at the The seconder y situation is a CHANGE. Notice that you need to find out
secondary situation What is it? how much weight Cindy lost in order to answer the final question You

know that her BEGINNING weight was 160 lbs. Her END weight was 125
lbs. So you need to figure out the amount of weight she lost: the
CHANGE AMOUNT

Click in the OKAY bo. to go on

Karen and Cindy had a contest to see who could lose Karen and Cindy had a contest to see who could lose
the most weight in one month Karen lostatotal of 10 the most weight in one month. Karen lost a total of10
pounds. Cindy went from a weight of 160 pounds to pounds. Cindy went from a weight of 160 pounds to
125 pounds Who wor, the contest? 125 pounds Who won thecontest?

OVERALL OVERALL

Compare ompare
Vary Vary
Restate Restate

SECONDARY SECONDARY
Change Change
Group
Compare Compare
Vary Vary
Restate Restate

(The student responds to the first (The ptudent responds to the second

question by selecting an item from the quention by selecting an item from the

OVERALL menu and receives feedback.) SECONDARY menu and receives feedback.)
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Figure 7

Exercise in Abstract Mapping
of a Multi-Step Problem

The final answer for this problem is the number of correct items that Phil answered.
INSTRUCTIONS. Read the problem below and study the diagram, For each part of the Since you know that Jerry answered 10 more than Phil, you first need to know how
diagram, decide whether the necessary information is already GIVEN in the problem, many items Jerry answered correctly. Jerry's amount is the partial answer.
ishether you can find it by first getting a PARTIAL ANSWER, or whether you can find
it as the FINAL ANSWER to the poblem Fill each part of the diagram with one of the When you are ready to go. click in the GO ON ba.
three choices. Click in the OKAY ban when you filled the diagram.

Jerry answered ten more problems correctly on the math test Jerry answered ten more problems correctly on the math test
than Phil did Jerry gave cotrect answers to 80 percent of the 50 than Phil did. Jerry gave correct answers to 80 percent of the 50
items. How many items did Phil answer correctly? items. How many items did Phil answer correctly?

GIVEN PARTIAL ANSWER FINAL ANSWER GIVEN PARTIAL ANSWER FINAL ANSWER

GiVEN GVN

OWEN

A ARTJIL ANSW VER FiNAl A$iEINR

(The student is asked to identify (The student's responses appear within
the parts of the problem.) the diagram. Correct answers are given

in italics above each component.)
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obhe n, of COUIse, he or she will need specific inforniauion about the parts of the model and more
ketailed mapping. The abstract model is then deseloped more completely profile by profile.

An important feature of SPS's instruction is the explanation of how two or more profiles fit
tuocthcr within a single problem. This is done abstractly, as described above, using the terms Given,
1'.1tial -\nswh c, and Fiial Answ.er It is also done more concretely by focusing on the profiles, (heir
w0n,tituCnt paUts, and the wa} these parts are related. SPS takes the student through the planning and
irking of profiles for several examples. With each example SPS points out the overall profile and

dr,,pla ,s the appropriate diagram. Two parts of the diagram contain question marks, indicating that they
,ire both urikoo ,n. (ne of the unklio il parts can he folnd by looking at a second profile that is
a,ko piesent in the problen. SPS displays a second diagran, linking it to the first (see Figure 5). SPS
emiphasize,, that the solution found with the second dragram %kill ha'e a place in the first. Thus, the
t'.,, profiles are linked through specific components of the diagrams. X

()ne strength of using icons to represent the senantic profiles is that they can be easily and clearly
iiikCd to each other. These connections are important in sol%ing multi-step problems. Students need
to visualize how the profiles can be joined together to form a complex problem. With the icons SPS
.lu sho, them dlIircctl .

IEvaiuIion

IIwo of the instructional goals described alove are evaluated directly in the current implementation
of S 1'S. A third foirn of evaluation is under development and will be incorporated into the system this
,eCir Ilic two that are now in use evaluate whether the student is able to recognize the primary profile
n )A multi-step problen and whether the student is able to complete an abstract model of a problem.
ihc thid task involves linking the icons and is described at the end of this document under System

/ (!l'l(('IL).

Students identifyi main and secondary profiles in several exercises. The first of these exercises
tol'.es reading a multi-step problem and selecting one of two choices for the main situation. As with
the onstraint mapping instruction, SPS develops the concept first with only two of the profiles (Change
aid (1 up) and allows the student to master them. Two others are then studied (('ompare and Restate)
.,ith accompanying exercises. After the full set of profiles has been reviewed, SPS presents a series of
pi obleins involving a random mixture of all five.

After the student has become proficient in finding the primary profile, SPS assigns tasks involving
1hC identification of both the main and the secondary situations. In this case the student gives two
icsponses by making a choice from a menu of primary situations and a choice from a nenu of secondary
siuations. I'igure 6 illustrates this exercise.

SI)S also evaluates the student's ability to map multi-step problems abstractly. Rather than having
students move text from the problem into the appropriate diagram, SPS asks the student to locate the
w,, oids Given, Partial Answer, and Final Answer within it. As before, the student is given the opportunity
to'. change a response if it is incorrect. After two failing attempts to make the abstract map, SPS shows
,hc student the correct mapping, as shown in Figure 7.

Implementation

Instruction

[fthe last segment of SPS instruction addresses the selection of an appropriate arithmetic operation
ti solv ing a story problem. This is the first time arithmetic computation is mentioned. At this point
'I'S cautions that relying only on key words such as "have left" or "altogether" in choosing an
a1 ypiopriate arithmetic operation often results in errors. It stresses instead that choice of operation
i,, dependent upon profile identification and upon awareness of which part of the profile model is
missing This is an important aspect of schema-baNed instruction: The use of key words and set
t .quatri. s is not a satisfactory method for solving problems. Unfortunately, it is sufficient for many
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simple one-step pioblems, and a large number of students apparently have developed key-word strategies
(c.f., Miarshall, lt%', Sowder, 1987).

The follouing example illustrates the instructional methods employed in SPS. Consider this Change
problem:

Jim added 2U more vaseball cards to his collection lie then had
68 cards altogether. How many cards did he have to begin with?

SPS explains that, although this situation clealy reflects the addition of the new cards to the existing
ones, the arithmetic operation needed to solve the problem as stated is not addition. SPS points mta
that in this case the initial amount is unknown. To find it the student needs to subtract the amount
of change from the total rather than add the two. In this problem SPS encourages the student to
identify the profile (Change), to use constraint knowledge and feature recognition knowledge to develop
the appropriate diagram (either mentally or on paper), and tci determine where the unknown occurs
within the profile.

Students using SPS already have strong knowledge of arithmetic operations -- including algorithms,
usages, and requirements. SPS augments the student's operational knowledge and helps create schemas
that incorporate the existing knowledge with new knowledge about semantic profiles.

SPS implementation instruction consists of a brief review of the important parts of each profile,
examples of profile-specific problems with each part missing, and the appropriate operation to be used
in each example. Diagrams are used to show the student how to determine which part is missing and
how to consider which operation to use in finding it. This section of instruction refers directly to the
recognition, constraint mapping, and planning components of SPS and links them with the implementation
component.

Evaluation

An exercise follows the computation discussion about each profile. In each exercise SPS presents

a problem and asks the student to select an arithmetic expression that will solve it. The arithmetic
expression does not require the student to make a computation. The expression has the form "Subtract
250 from 375" or "add 5 and 8". Following instruction and exercises for each profile is a task in which
problems representing all five profiles are randomly presented. Figure 8 shows this task.

The Synthesis

Two assessments are made at the end of instruction, an on-line test and a traditional paper-and-
pencil evaluation. The on-line task requires the student to recognize, diagram, and plan a solution strategy
for problems which contain various combinations of the five profiles. This exercise tests whether all of
the knowledge is successfully linked together. It also gives students practice in using the components
simultaneously. The student makes two responses in this task. The first response is the choice of the
appropriate icon (feature recognition). The second response is to indicate the unknown in the selected
icon. Knowledge of constraint mapping and planning are required here but are not specifically and
separately cued. The student must make the mental mapping (either specific or abstract) to locate the
overall unknown of the problem.

The paper-and-pencil evaluation consists of a set of multi-step problems. For the first time
students are asked to solve the problems, carrying out the operations and answei ing the questions posed
in the problems. They are also asked to indicate which of the profiles aic ore nt in each problem.

The two forms of evaluation provide data about which parts of the schemas are well learned.
In aggregation these data provide information about the efficacy of the system and give clues aotut
where instruction might be expanded, compressed, or otherwise improved.
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Figure 8

An Example of an Implementation lixercise

INSTRUCTIONaS R..ri the piublem 10 beloi d itw. luul irt
the possible steps you mnight take to sorlve t he piublern No, this isn't the correct choice III this CHANGE piobiam.
Select the one that Iill solve the problem correctly. Mov. Dan had 45.631 miles on is car after he drove to Santa
the airo., to your selection and click the mouse button Barbara This is thre END AMOUNT. H~e had 215 miles fewer

than this before he drove to Santa Barbara, 215 is the
CHANGE AMOUNT,. ou are supposed to find the BEGINNING
AMOUNT; ho.r many miles Dan had on his tar before he
drove to Santa Barbara The correct way to do thuisto
subtract, not add. 215 from 45,631. which is the last choice.

Click in the OKAY boa to go on.

Dan R obirrscin I ecenul y dIi ovL- 2 1 " miles from Dan R obi n son recen tly drIo ve 215 mrnrles from
San Dieg o to Santa Bat bara to see h is parents. San Dieg~o to Santa Barbara to see his parents
When he at rived at his patents', lie noticed When he arrived at his parents', he noticed
that the odometer of his cat regitered that the odometer of his cat registered
45631 miles What was the odometer reading 45631 miles. What was the odometer reading
before he made the trip? befote he made the trip?

POSSIBLE STEPS: POSSIBLE STEPS:

Miilpil, 215 by 2 Mlulilil21S 2
Aid 21S and 4S.631
Dri~rda 45.631 by 215 Dvid 4,31 by 215.
Subtract 215 from 45.631, Subtract 215 from 45,631.

(The student makes a selection from (The student's response is Inverted.
a menu of responses.) Feedback is situation-specific.)
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SYSTEM DETAI IS

El i.wtet. SPS was developed in L.isp on Xerox 1186 Al \,ork stations with 40 megabytes of memory.
Each ,ork station is equipped vith a Xerox 6085 series keyboard, floppy dike, 19-inch display, and a
three-button optical mlloLSC.

The Ittstrtico)nalEvperimtientuti Setting. In field tests and in experimental laboratory studies students
worked independently. Typically. four students where present at the same time, each interacting %ith SPS
at a stand-alone work station. Students participated in 5-8 instructional sessions, with most sessions lasting
45-60 minutes.

Student Responises. Students interact with SPS by means of the optical mouse. A special tutorial
instructs them in the use of the mouse prior to the onset of SPS instruction about the profiles. Students
move into the SPS instriction only when they have mastered use of the mouse. The mouse tutorial
shows the students how to move the ctisor on the screen by moving the mouse, and it gives students
practice in making menu selections and in moving items around on the screen. At the end of the
tutorial students complete a short exercise using the skills they had just learned. When students appear
to have trouble manipulating objects on the screen, the system provides them with more practice.

In SPS students respond to items in one of two ways. The first way allows students to make a
menu selection. Typically the menu contains two to five items, and the student need only move the
cursor to the item selected in the menu and press the left or middle mouse button. See Figures I, 4h,
and 6 as examples.

The second response mode involves repositioning items on the screen. For this response the
student aligns the cur-sor and the item to be moved (usually text) and presses the left button. The
selected item changes to inverse print on the screen and a dotted box having the shape and size of
the selected item appears. When the cursor is moved, the dotted box moves with it. The student
positions the dotted box in the desired new location and again presses the mouse button. The inveled
iegion returns to normal, the dotted box disappears, the selected item is copied onto the new location.
Figures 2, 4b, and 7 illustrate this response type.

Screen Design of Instruction. SPS presents much of its instruction through a central 6 12 x 'p

window on the II" x 15" screen. Attached to the window is a menu with the options "Next Page"
and "Last Page", allowing students to proceed at their own pace, moving to the next page or returning
to previously displayed instruction if desired. Other windows, up to three at once, appear at various
times during instruction. These windows are of differing sizes and locations. They allow simultaneous
presentation of an example problem, a description of its structure, and a graphical illustration. Control
of the display passes from window to window. Some of them remain on the screen as others change
or vanish.

Exercise Design. Exercises drill the particular features of problem solving covered by SPS instruction.
Many of these concepts are intermediate problem-solving steps that may be rarely observed in ordinary
instruction. SPS contains thirty different exercises. The individual student may encounter all of them
or a subset, depending upon the time limitations for instruction. Typically, whenever a new concept is
introduced through instruction, it is followed by a simple exercise that further demonstrates the concept
and allows the student to use it directly.

The exercises are designed to allow explicit evaluation of the four components of schema knowledge
as described above. Some of them have only a single response from one menu, some contain multiple
menus and hence multiple responses, and still others necessitate making selections and moving elements
around on the screen. When the response is a menu selection, SPS evaluates the student's response and
makes appropriate feedback (as described below). The student has only one opportunity to respond to
an item and SPS evaluates that response as soon as the menu selection is made.

Evaluation is delayed in tasks requiring the student to move items. This design is most often
used in the diagramming exercises. Such tasks generally have several items to be moved. SPS gives
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the Studcnt sc, Clal oppoirtunities to Ic)poiId and delis ex aIation of (Ile icsp)Ois unlit the S(tudIciI
Signals completion by buttoning ill a coIlntol menu window. SPS assesses the accuiacy of each itern
that has ben positioncd in a diagram and allows the student a second attempt if any of tile items is
incoirectl) located. The student first huItons on the "FIX" o)tiOl in tile control mel i window, clearing
the screen of the prcxi us ,esponse. The Student thell icpositions the items is deSirCd. Once the
student is SatisliCd w ith the new response, hC o, she buttons on the "OKAY' option. SPS evaluates the
response and gi%es feedback. To continue the student buttons on i"G() ON" in tile control menu
w i lldo

Item Mink . SI'S icquircs thiee item biik s: sitUliOnS, one-step p)ubICInS, aid III liulti -stcp pro) c
Fach bank contains a laige number of itemnis, aud each itein has a et of pip)l)Clics associated with it.
SPS use,,s these properties to assess colect responses to the arioils excrcics and to prox ide relcv nit
feedback to students. F-ach item niay be used ii a varict) of exercises, and there is no si igle colert
a lsw cI asso(.iated with each one. l)epending upon ihc e.,crcise, lite ippiopiiale a nsw ci m ight be tlhe
identification of the underlying profile(s), the correct mapping of the specific elements of the iten, ail
abstlrLct niappinug. or an arithmetic expression.

SI.S uses piobleims and situations that wCre crcated for it ald that Con folin I0 the followii
ciitei i.,: I',aditional key words and phrases are ax o ided whcnCexr pOssil.C themIItes aild stol lines ', e
apprpiate for young adults. lhenis are worded for clear mapping into the plofile diagrals. t, d
numbies used iii the problems are simple.

#'tedbiacA. SPS proxides feedback to students who answer an exercise quesLio Ii incorrectly. Ile naltulC
of the feCda)ck depends upon the particular exercise. Ill the feature recognition tasks, SPS's response
to the student depends upon how the student is doing in the particular exercise. If the student makcs
two errors iii identifying a particular profile, SPS gies supplemental rex iew about that profile. If the
student hais erred ol three consecutive items, SI'S plovides a general rexiew tf all profiles. If 1h.
student is geIiCral l\ doing well but makes an occasional elor, SPS gixcs a sholt message indicating \4hy
the student's ,iswer is incorrect.

I:eedhiCk on the mapping tasks is brief. When a student fijst errs on aii iteii. S PS indicates
that the iciponse is incorrect and asks tile stIideint to tr,, aga in After a sectond ellol il tile itctll.
SPS simply shows the student the correct mapplng. '|he students owAl attempt iemlains oil the Skrli
togethc with the correct response so that the student (.li see howA his of her answer differs fioi the
correct assign li t.

The planning exercises demand af different type of feedback. When the student selects an incorict
primaly or secondary profile, SPS gixCs problem-specific feedback, indicating why the student's selection
is in error and identifying specific characteristics of the problem to which the student should attend.
The implementation exercises also incorporate problem-specific feedback.

Iach instructional session ends with a task fol which no feedback is given. Sessions are typicall
50 ImiiiIuteS ill dturation (sinila to a class peiiod in high school or unix.cisit)'). SIS monitors tile time
and ends the instructional session at an appropriate juncture, usually at the conclusion of a set of
instruction and related exercises Before the student leaves the work station, lie or she is asked to
respond to all end-of-session task which functions as a daily quiz. in early sessions, the task inolx es
matching the five profile names to fixc story situations. In later sessions, the student identifies the
ltation of the unknown in the piobleni. ()n both of these tasks, tile studeti iakes his oi het
responses to a small number of items and then exits the programn.

Hecord Kcevmg. SPS keeps a continuous log of each student's activity. It rec(diids the date, the tlne
required for each exercise, the specific problems used iii the exercise, the student's 'esponses to each
problem, and S IS*'s rejoinder. Durlig each exercise SFPS -efers to the log and to the student's culrlent
responses to develop a model of how the student is peifoilming. At xarious points il the exercises, SIPS
will stop the student and will piovide additional instruction if tile student appeais to need it. his
supplement may take the form of a quick resiew or may be anl extensive remedimtion.
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System Implementation

SPS has been used in a four-week remedial course for community college students enrolled mn
basic mathematics or beginning algebra courses. The course met twice a week for a total of eight clac,
sessions. Approximately twenty-fike students completed the program of instruction. This course scml Itc

as a field test and led to several important system modifications.
SPS has also been the basis of laborator experiments in which college freshmen participatcd

These students attended five sessions and were individually inter iewed following each session. Sonic ()I
them also participated in a follow-up study two to three months after the original study. Dati fmtom
these implementations are currently being analyzed and will be reported in a separate report. Imiiiil
indications are that students can easily learn the semantic pr,)files, they can carry out the con,,timlii
mapping and planning tasks, and the) find the icons useful.

System Extensions

Once the students ha've de\,eloped semantic schemas for story problems it is desirahle to hxic i)

environment in .hich they can instantiate them and in which SPS can monitor the usage of them I

this end we have developed a problem environment (PE) in which the student has the capabilitl o,

selecting icons to represent parts of a multi-step problem and of manipulating them to model tht

pioblem.' Figure 9 illustrates the environment.
The problem environment is student-controlled. The student can select which icons to use, .n

link and unlink them, can enlarge and map the various parts of them, and can ask for confirmation
or help from SPS at any point. SPS will not direct the order in which any of the problem-solkint,
steps are carried out by the student. SPS provides advice when asked and will test for the studcilt
whether a representation leads to a successful solution of the pioblem.

4 WL ,LAuLWiuWi, J P Maishii for hi pr-sgr,inlm i ,w 1 1 UIrLt in 1 hudding tht pbohlcn ,livlroilnlt[l1l
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Figure 9
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APPENDIX A

Prior to the development of SPS we carried out experiments to evaluate specific design features
for SPS. Described here is one experimental stud, of the effects of sequential versus all-at-once
presentation of the situations.

The -xpeliniental Question: The issue is whether students will be more successful in learning
when each situation is described individually and in detail, one at a time, or whether students will
be more successful in learning when all five situations are introduced broadly and then described in
relation to each other. The foriner should cause greater depth of feature recognition information but

perhaps be weaker in constraint (and discrimination) knowledge. The latter shculd build a knowledge
base that allows casy discrimination among the situations but ma,, lack adequate feature knowlhdgc.

Procedure: 126 San Diego State University students participated in the study. lilalf of them

received Sequential Instruction (with each type of situation developed fully before the presentation of
another one) and the remaining half received Parallel Instruction (with all types presented at once and
discussed together). Each student worked through a paper-and-pencil exercise booklet. At the
conclusion of the experiment, the students were asked to sort 20 problems according to the situations
they had just studied. The sorting task was used to ealuate the students' understanding and
recognition of the five situations.

Results: Cluster analses of the sorting task are given in Figures A.I and A.2. All students
learned something about the situations, and they were able to sort more than half of the prohlems,
correctly. The students in the Parallel group performed better on this task. They were more
successful in forming appropriate clusters of the problems, and their clusters were more tightly linked
(as can be seen by the shape of the clusters in the figures). Moreover, the Sequential Group l1ad
difficulty in distin guishing be'Ixveen Compare and Restate. The largest cluster formed by this giouj

contained problems of both types.

Both groups had difficulty in distinguishing between certain Change and Group items. Thec wkas
also some confusion in both groups among some of the Restate and Compare items, although this wAas

much more prominent in the Sequential Group.
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Figure A. I
Results of the Sorting Task: Sequential Group

85

75

78

65

PI~ioaiuo 55
Of

IndWduak GO

45

40

35

30

25

20

Is

5

CH CH CH CH GP GP G P RE RE RE RE CP CP CP CP VY VY VY VY

kenu

Sequenda Group

Figure A.2
Results of the Sorting Task: Parallel Group
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